A selective enrichment procedure, using two new selective media, was developed to isolate Pasteurella multocida from wild birds and environmental samples. These media were developed by testing 15 selective agents with six isolates of P. multocida from wild avian origin and seven other bacteria representing genera frequently found in environmental and avian samples. The resulting media-Pasteurella multocida selective enrichment broth and Pasteurella multocida selective agar-consisted of a blood agar medium at pH 10 containing gentamicin, potassium tellurite, and amphotericin B. Media were tested to determine: 1) selectivity when attempting isolation from pond water and avian carcasses, 2) sensitivity for detection of low numbers of P. multocida from pure and mixed cultures, 3) host range specificity of the media, and 4) performance compared with standard blood agar. With the new selective enrichment procedure, P. multocida was isolated from inoculated (60 organisms/ml) pond water 84% of the time, whereas when standard blood agar was used, the recovery rate was 0%.
become one of the major diseases of wild waterfowl (4), and losses have numbered as high as 72,000 ducks and geese in a single outbreak (2).
The epizootiology and transmission of avian cholera in wild waterfowl are poorly understood (1,13). It has been variously hypothesized that a carrier state exists within wild waterfowl populations, that there are animal reservoirs that harbor P. multocida, and that the organism can survive from year to year in a wetland environment and lead to recurrent epizootics. However, these hypotheses are difficult to test because of our inability to detect low numbers of P. multocida in samples contaminated with environmental bacteria. A selective enrichment procedure for the isolation of P. multocida would help investigators address questions concerning the epizootiology of avian cholera.
Various selective media for P. multocida have been proposed (3,5,7,9,12) and used, with the degree of success depending on the isolate of P. multocida used. We have not found these media to be effective for isolating P. multocida of avian origin, predominantly Heddleston serotype 1. Our objective was to develop culture media for a selective enrichment procedure enabling detection of P. multocida in samples contaminated with other bacteria. We describe here the development, effectiveness, and use of such media.
MATERIALS AND METHODS
Development of selective media. Bacterial isolates. Six P. multocida serotype 1 isolates from five avian species-mallard (Anas platyrhynchos), sandhill crane (Grus canadensis), snow goose (Chen caerulescens), northern pintail (Anas acuta), and whitefronted goose (Anser albrifrons)-and from various geographical areas of the United States (California, New Mexico, Nebraska, and Texas) were chosen to evaluate the proposed selective media. Seven common contaminant species of bacteria (Escherichia coli, Aeromonas hydrophila, Bacillus sp., Pseudomonas sp., Actinobacillus suis, Enterobacter agglomerans, and Proteus mirabilis) frequently isolated in our laboratory from avian cloacal and tracheal swabs, environmental samples, or contaminated tissues were chosen to represent bacteria whose growth was to be restricted by the selective media. All organisms used were identified by the API 20E system (Analytab Products, Plainview, N.Y.) and standard biochemical tests (8).
Determination of selective agents. Fifteen selective agents (amikacin, amphotericin B, bacitracin, clindamycin, crystal violet, dicloxacillin, erythromycin, gentamicin, kanamycin, lincomycin, neomycin, oleandomycin, potassium tellurite, sulfamerazine, and vancomycin) were tested for use in the media formulations. The minimum inhibitory concentration (MIC) of each selective agent was determined for each of the six P. multocida isolates and seven representative contaminants using the broth microdilution method of the National Committee for Clinical Laboratory Standards (10), with one modification: because the standard broth used for MIC tests (Mueller Hinton broth) did not adequately support the growth of P. multocida, we substituted a high pH (10.0 ? 0.1) heart infusion broth (HIB) that had previously been shown to selectively support the growth of P. multocida (National Wildlife Health Research Center, unpublished data).
The accuracy of our microdilution procedure was determined by performing tests in triplicate, whereby three of the selective agents were tested with one isolate on three different days. MICs varied by less than 1 twofold dilution, well within the acceptable reproducibility of the method (10). In the actual MIC tests, eight replicates were run for each selective agent/ isolate combination using 96-well microtiter plates. ; 2) PMSA; 3) PMSB followed by plating on BA; and 4) PMSB followed by plating on PMSA. These media were used to test for isolation of P. multocida from brain-heart infusion broth (BHIB) and from pond water, each of which had been inoculated with P. multocida.
A stock culture of P. multocida serotype 1 was used to prepare approximate dilutions of 10?, 101, 102, and 103 colony-forming units (CFU)/ml. One set of dilutions was prepared in BHIB, and one set was prepared in freshly collected pond water from Union County Conservation Area, an enzootic site for avian The actual concentrations of P. multocida (CFU/ml) in dilution bottles were determined by duplicate spread-plate titrations prepared immediately after adding the P. multocida and again at the end of the experiment. Twenty-five swabs were taken from each P. multocida dilution in BHIB and in pond water and from the controls; these were streaked on PMSA plates (n = 250). Second, 25 additional swabs were taken from each P. multocida dilution in BHIB and in pond water and from the controls and were streaked on BA plates (n = 250). Third, aliquots of 0.5 ml from each P. multocida dilution in BHIB and in pond water and from the controls were inoculated into 25 tubes containing 5 ml PMSB (n = 250). PMSB tubes were incubated for 16 hours at 37 C in 5-10% CO2. Two swabs were taken from each PMSB tube after incubation and cultured on PMSA and BA plates. All PMSA and BA plates were incubated for 24 hours at 37 C in 5-10% CO2. Plates were examined after incubation for presence of P. multocida, for amount of growth, and for ease of differentiating P. multocida from other organisms. Colonies that resembled P. multocida were further evaluated by streaking on MacConkey agar. Those that failed to grow on MacConkey agar were identified with the API 20E system. Isolation of P. multocida from mixed culture. A mixed broth culture was made of the seven organisms used to develop the selective media and of P. multocida, using approximately 1 x 107 CFU/ml of each organism in BHIB in a total volume of about 1 ml. Swabs were taken of the mixture and plated onto BA and PMSA to test the selectivity of PMSA when isolating P. multocida from a mixed culture.
Use of PMSA as primary isolation medium. To validate the use of the PMSA for primary isolation of P. multocida, 78 tissues (mostly livers) from suspect avian cholera cases were cultured in duplicate on BA and PMSA and incubated 24 hours at 37 C in 5-10% CO2.
Serotype-host range specificity. We assessed the serotype-host range of the proposed selective media by testing 11 isolates from our collection of non-avian and nonserotype 1 P. multocida isolates and 13 isolates obtained from the National Veterinary Services Laboratories, Ames, Iowa, for growth on PMSA (Table  1) .
Statistical analysis. Probit analysis (SAS Institute, Cary, N.C.) was used to test for differences in the proportion of P. multocida isolates obtained for different media procedures or for P. multocida in different sources (broth and pond water). In these analyses, log,o dilutions were treated as the experimental 
RESULTS
Development of selective media. Media formulation. The selective agents that gave the highest MICs for P. multocida compared with the contaminant organisms were amikacin, gentamicin, kanamycin, neomycin, and potassium tellurite. Erythromycin, oleandomycin, lincomycin, clindamycin, vancomycin, dicloxacillin, sulfamerazine, bacitracin, and crystal violet were not acceptable, because their MICs were generally lower for P. multocida than for other organisms tested. Based on these results, gentamicin, potassium tellurite, and amphotericin B were chosen for use in these media (Table 2) . Gentamicin was chosen from among the aminoglycoside antibiotics (amikacin, gentamicin, kanamycin, and neomycin), because it had the most consistent MIC values for the P. multocida isolates tested and the MIC values varied by only 1 twofold dilution (Table 2) . Gentamicin was also more effective against swarming Proteus mirabilis, one of the more resistant contaminants. Potassium tellurite was chosen for these media, because MICs for P. multocida were equal to or greater than those for other bacteria tested, with clear endpoints that fell within the center of the range tested. Amphotericin B was added to the media as a fungicide and showed no effect on bacterial growth.
Final formulations for the liquid selective enrichment broth and the solid selective agar were as follows: PMSB: Heart infusion broth (DIFCO) served as the base of the formulation. After autoclaving, we added gentamicin (GIBCO, Grand Island, N.Y.) (0.5 ,ug/ml), potassium tellurite (Sigma Chemical Co., St. Louis, Missouri) (0.0125 ,g/ ml), amphotericin B (Sigma) (5.0 /g/ml), and defibrinated sheep blood (Remel) (5%). The pH was adjusted to 10.0 ?+ 0.1 with sterile 1 N NaOH (about 40 ml/liter). The initial amount of water used must be reduced in preparing the medium to allow for the addition of the additives. PMSB medium must be incubated in 5-10% CO, and should be used within 7 days. The optimum incubation time for PMSB is 12-16 hours; selectivity is greatly reduced with longer incubation.
PMSA: Heart infusion agar (DIFCO) served as the base of the formulation. After autoclaving, we added gentamicin (0.75 ,g/ml), potassium tellurite (2.5 ,g/ml), amphotericin B (5.0 ,g/ ml), and defibrinated sheep blood (5%). The ANumber of plates in which P. multocida was detected out of 25 plates (%). BA = blood agar; PMSA = Pasteurella multocida selective agar; PMSB/BA = blood agar inoculated with sample from Pasteurella multocida selective enrichment broth; PMSB/PMSA = PMSA inoculated with sample from Pasteurella multocida selective enrichment broth.
BPure culture dilutions were prepared by inoculating P. multocida into sterile brain-heart infusion broth. CMixed culture dilutions were prepared by inoculating P. multocida into freshly collected pond water.
pH was adjusted to 10.0 ? 0.1 with sterile 1 N NaOH (about 40 ml/liter). The initial amount of water used must be reduced in preparing the medium to allow for the addition of the additives. Medium may darken on cooling and begin to clear with age. PMSA must be incubated in 5-10% CO2 and will remain selective for at least 8 weeks.
Testing of selective media. Isolation of P. multocida from BHIB and pond water. An overall increasing trend (P < 0.01) was seen in the ability of all combinations of media procedures and sources to detect P. multocidawhen proceeding from lower to higher inoculum concentrations (Table 3 ). The four different media procedures of BA, PMSA, PMSB/BA, and PMSB/ PMSA did not differ (x2 = 1.43, 3 df, P = 0.70) in ability to recover P. multocida from inoculated broth (BHIB). When recovery rates of P. multocida from inoculated pond water were compared using the same media procedures, PMSA and PMSB/BA were more successful (X2 = 25.83, 3 df, P = 0.001) than either BA or PMSB/PMSA (Fig. 1) . The recovery rate of P. multocida using PMSB/BA was only marginally better than the recovery rate using PMSA when isolating from pond water (x2 = 5.50, 2 df, P = 0.064). However, when the amount of P. multocida growth on each plate was considered, PMSB/BA was considerably more effective than PMSA, particularly when initial numbers were lowest. At the 10? and 101 dilutions, the PMSA plates produced only 3 to 10 individual P. multocida colonies, whereas the PMSB/BA procedure resulted in at least 20 individual colonies per plate for all tested dilutions. The PMSB/ PMSA procedure with pond water was not effective: numerous very small colonies were produced, but few were P. multocida.
When plated on BA, P. multocida was recovered at a much higher rate from the BHIB pure culture than from pond water (x2 = 41.41, 1 df P= 0.001). Growth of pond-water bacteria overwhelmed the BA plates and allowed few isolated P. multocida colonies (0-3/plate at 103 concentration) (Fig. 2) . However, isolation from BHIB on BA did not differ significantly from isolation from pond water on either PMSB/BA (X2 = 1.49, 1 df, P= 0.22) or PMSA (x2 = 1.34, 1 df, P= 0.25).
Isolation of P. multocida from mixed culture. We were unable to find any P. multocida colonies when a mixed culture in BHIB was plated on BA because of overgrowth of P. mirabilis and Bacillus sp.; however, a nearly pure culture of P. multocida grew on PMSA (Fig. 3) .
Use of PMSA as primary isolation media. When tissues from suspect avian cholera cases were cultured in duplicate on BA and PMSA, P. multocidawas isolated on BA in 50 (64%) cases and on PMSA in 41 (53%) cases; no P. multocida was isolated on either media in 28 (36%) cases.
Serotype-host range specificity. Eleven P. multocida isolates from our stock collection of non-avian and nonserotype 1 isolates and 13 isolates obtained from the National Veterinary Service Laboratories were transferred to PMSA plates; growth results are shown in Table 1 . Only two of these isolates failed to grow: one was from a common tern (Sterna hirundo) (serotype 7 x 10), and the other was a human isolate (serotype 12). 
DISCUSSION
Pasteurella multocida selective enrichment broth and Pasteurella multocida selective agar were more effective for isolating P. multocida from mixed culture than traditional blood agar. Two of the isolation procedures tested-PMSA and PMSB/BA-were as effective in isolating P. multocida from inoculated pond water as BA is in isolating P. multocida from a pure culture. PMSA did not work as well as BA as a primary isolation medium on tissues from typical suspect avian cholera cases that were not severely contaminated with other organisms. This result was expected, as there usually is some inhibitory effect with a selective medium. Of the nine isolates missed by PMSA but recovered by BA, four were from tissues that had been frozen (-20 C) for many months, a condition often making recovery difficult. The other isolates missed were from the same outbreak, probably originating from the same source. When the media are used as recommended, with a pre-enrichment in PMSB followed by plating on BA, the benefits of both media can be utilized. Finally, nearly all of the serotypes tested grew well on PMSA, indicating good potential for use with many serotypes.
The use of the combination of PMSB/PMSA was not beneficial for isolating P. multocida from a mixed culture (pond water), although it worked well in isolating P. multocida from the pure culture grown in BHIB. We suspect that the double-selective treatment provided by these media, in combination with competition from other bacteria, inhibited the P. multocida.
The most important selective component of these formulations may be the very high pH, as it weakens the the growth of the contaminant organisms considerably. It is likely that when CO2 is used for incubation, the very high pH of the selective media is reduced by the acidifying influence of the carbonate ion, resulting in conditions which, overall, are most favorable to P. multocida. The actual pH of the liquid PMSB medium during incubation was found to be 8.3. When CO2 was not present, the pH remained at 10.0 and no growth occurred.
The selective media described in this paper are useful for testing biological and environmental samples for the presence of P. multocida. PMSA and the PMSB/BA selective enrichment procedure demonstrated significant potential for isolation of P. multocida from mixed bacterial populations. At a concentration of 6 x 101/ml, P. multocida was detected in pond water 56% of the time with PMSA and 84% of the time with PMSB/BA, compared with 0% for BA. These selective media can be used for studies in areas of enzootic avian cholera to determine whether wetlands are reservoirs for long-term survival of this bacterium and for identifying potential carriers of avian cholera in wild waterfowl. However, more work should be done to improve sampling techniques, to evaluate transport media, and to determine optimum survival conditions of P. multocida on swabs collected from wild waterfowl.
